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Sir: 



This brief is submitted in triplicate in support of Appellant's 
appeal from the Examiner's final action dated November 7, 1993. A 
Notice of Appeal was timely mailed to the Patent and Trademark 
Office in this application on January 27, 1994. 



STATUS OF CLAIMS 

Claims 1,2,4-9 and 11 are presently pending in this application 
and are now on appeal . 



STATUS OF AMENDMENTS 
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The claims have not been amended following receipt of the final 
rejection of February 2, 1994. 

SUMMARY OF THE INVENTION 

Many proteins which have potential therapeutic applications are 
relatively scarce in nature, and are therefore extremely expensive 
to acquire from their native sources. Such sources typically 
include both plant and animal tissue. With the advent of 
recombinant technology, such proteins can now be made by 
genetically modifying a suitable microorganism, such as E. Coli or 
CHO cells, to express the protein of interest in the culture 
medium. Recombinant technology has been successful in reducing the 
relative scarcity and cost of many therapeutic proteins. In 
addition, recombinant proteins also have the advantage of being 
relatively free of contaminating biological substances, which 
makes purification a simpler and less expensive procedure. 

While conceptually, the technology for producing recombinant 
proteins may seem straightforward, there are numerous practical 
difficulties which must be overcome in order to arrive at a viable 
production process. Such difficulties include the suitability of 
the host organism, obtaining significant levels of protein from 
the culture medium, and ensuring that the expressed protein is 
biologically active. Even after these difficulties have been 
overcome, the protein may still be so costly as to make it a 
marginal product from a purely economic point of view. This has 
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lead to the active investigation of new approaches to producing 
proteins of therapeutic interest. 

One such approach which has been proposed involves the use of 
transgenic animals to produce proteins of interest. The present 
invention resides in DNA constructs which enable the production of 
proteins in the milk of lactating transgenic animals. The claimed 
DNA constructs include a gene encoding the protein of interest, 
DNA of a milk serum protein promoter which does not normally 
control transcription of the protein, and DNA encoding a peptide 
enabling secretion of the protein. The milk serum lactalbumin 
proteins include non-casein milk proteins such as the whey acid 
protein and cc-lactalbumin (page 4, lines 1-15) . The secretion 
signal sequence can be the sequence naturally associated with the 
desired protein, providing that the protein is one which is 
normally secreted anyway, or the signal sequence from another 
secreted protein (page 6, line 13 to page 7, line 8) . Other DNA 
sequences, such as termination sequences, can also be included in 
the DNA constructs of this invention (page 7, lines 10-15) . 

The DNA constructs of this invention can be introduced into a 
mammalian embryo using, for instance, microinjection techniques 
which are well known in the art (page 8) . 

ISSUES 

I. Whether the invention, as claimed in claims 1,2,5-9 and 11 
is adequately enabled by the specification, particularly with 
respect to milk serum protein promoters. 
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II. Whether the invention, as claimed in claims 1,2, 4 and 6-9, 
would have been obvious to one of ordinary skill in the art as of 
the effective filing date based on Andres et al. 

III. Whether the invention, as claimed in claims 5 and 11, 
would have been obvious to one of ordinary skill in the art as of 
the effective filing date based on Andres et al . , in view of 
Pennica et al . or Chisari et al. 

IV. Whether the invention, as claimed in claims 1,2,4-9 and 11, 
would have been obvious to one of ordinary skill in the art as of 
the effective filing date based on Campbell et al., in view of 
Pennica et al., Chisari et al . , Palmiter et al . , Ross et al., or 
Stewart et al. 

GROUPING OF CLAIMS 

For purposes of this appeal, all of the claims, i.e. claims 
1,2,4-9 and 11, stand or fall together. 

ARGUMENT 

I. The Rejection of Claims 1, 2, 5-9 and 11 Under 35 U.S.C. 112, 
First Paragraph. 
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Claims 1, 2, 5-9 and 11 have been finally rejected under 35 
U.S.C. 112, first paragraph, as lacking enablement. Claim 4, which 
is directed to a DNA construct wherein the milk serum promoter is 
a whey acid promoter, has not been rejected on this basis, and the 
Examiner has acknowledged that the claim satisfies the enablement 
requirement . 

The Examiner has stated that the specification provides limited 
guidance on the isolation and identification of regulatory 
sequences of milk serum proteins other than the whey acid protein 
promotes. The Examiner asserts that this reasoning is supported by 
the "unpredictability" of this area of technology, i.e. 
biotechnology . 

In response, appellants assert that there are only a finite 
number of milk serum protein promoters, -and based on the 
information available as of the effective filing date of this 
invention are skilled in the art, would have been fully enabled to 
make and use other such promoters. 

A. The Gordon Declaration 

The Examiner has criticized the Gordon Declaration as being 
based on "speculation" and "opinion". Appellants submit that it is 
improper to dismiss the Gordon Declaration on this basis since the 
issue to be addressed is enablement, not obviousness. The 
enablement issue concerns the knowledge of one skilled in the art 
as of the filing date of the application. This is a hypothetical 
person in a hypothetical setting, and the issue is whether such a 
hypothetical person would have possessed sufficient information to 



-5- 



make and use the invention as claimed. This is necessarily a 
subjective inquiry which is not always amenable to quantification 
by "concrete supporting evidence". Dr. Gordon is imminently 
qualified to opine as to the knowledge of one skilled in this art. 

More importantly, however, Appellants fail to understand why 
Dr. Gordon's testimony should not be considered as probative 
evidence. Her opinion is not based on "thin air", but relies 
instead on the experiences of a long and extensive career in the 
young biotechnology industry. In addition, and as will be 
described in more detail below, Dr. Gordon also bases her opinion 
on the content of the present specification as well as 
publications available to the skilled artisan as of the effective 
filing date of this application. Accordingly, summarily dismissing 
the Gordon Declaration as based on mere opinions and as lacking 
supporting evidence is improper. 

B. Prior Documentary Evidence 

It is Appellants' view that the developed state of the art as 
of the effective filing date, as shown by published documents, is 
ample to enable one skilled in the art to practice the invention 
for milk serum protein promoters. It is important to keep in mind 
that the Examiner has acknowledged that the specification is fully 
enabling with respect to the whey acid protein promoter. Thus, the 
only nonenablement issue to be addressed in this Appeal is the 
extension of the teachings of the present application to other 
milk serum protein promoters . 
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In order to satisfy the enablement requirement, Apellants are 
entitled to rely on what is disclosed in the specification, as 
well as disclosures in the prior art, In re Wands , 8 USPQ2d 1400, 
1402 (CAFC 1988) . As pointed out in the specification, milk 
proteins are classified as either caseins or milk serum proteins. 
The milk serum proteins are a defined class of proteins and 
include, for instance, whey acid protein ("WAP") and alpha- 
lactalbumin. The promoter is part of the sequence of the protein 
gene (frequently part of the flanking sequence), and can be 
obtained using well known techniques once the identity of the gene 
has been established. In the case of the milk serum proteins, 
several proteins other than the WAP protein were known prior to 
the effective filling date of this invention. As an example, the 
alpha-lactalbumin gene was previously known and characterized by 
Henninghausen and Sippel in Eur. J. Biochem. , 125 , 139-140 (1982). 
A copy of this reference is attached hereto as Attachment 1 . This 
publication was available long before the effective filing date of 
the present application, and must therefore be considered in any 
assessment of the enablement issue. 

Moreover, the class of molecules encompassed within the 
definition of milk serum protein promoters is sufficiently 
circumscribed and delineated so that it would not involve undue 
experimentation for one skilled in the art to make and use the 
invention as claimed. See, for instance, In re Wands , 8USPQ2d, 
supra at 1404, which states that, 

The determination of what constitutes undue 
experimentation in a given case requires the 
application of a standard of reasonableness, 
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having due regard for the nature of the invention 
and the state of the art.... The test is not merely 
quantitative, since a considerable amount of 
experimentation is permissible, if it is merely 
routine, or if the specification in question 
provides a reasonable amount of guidance with 
respect to the direction in which the 
experimentation should proceed. 
Apellants point out that the level of skill in the field of 
biotechnology is relatively high based on the large proportion of 
individuals operating within this field who have advanced degrees 
and specialized training. Such individuals would not require a 
precise methodology in order to practice a particular invention, 
but rather would be expected to use a fair amount of 
experimentation in approaching a task based on this high level of 
skill. Thus, it would not be unduly burdensome for such 
individuals to use materials known in the prior art to construct 
appropriate vectors having a variety of milk serum protein 
promoters other than the WAP promoter. 

C. Burden of Proof 

The initial burden of establishing a prima facie case of 
nonenablement rests on the Examiner. Ex Parte Singh , 17 USPQ2d, 
1714, 1715 (CAFC 1990). It is Appellants' position that this 
burden has not been met in this case. However, assuming, 
arguendo , that the Examiner has satisfied this burden, Appellants' 
further submit that they have presented sufficient evidence to 
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rebut a prima facie case. Such evidence includes both the 
Declaration of Dr. Gordon and the prior art disclosures of record 
as more fully discussed above. 

Moreover, the holding in Ex parte Singh notwithstanding, the 
Wands case sets forth eight (8) factors to be considered in 
determining whether a disclosure is nonenabling. Only one of 
these factors relates to unpredicatability . Significantly, another 
factor in the Wands test involves the breadth of the claims, and 
Appellants maintain that the appealed claims are not overly broad 
in scope. Other Wands factors include the relative skill of those 
in the art, which Appellants also maintain is comparatively high. 
It is not proper to select one of the eight Wands factors in 
isolation, to the exclusion of other factors which support 
Appellants' position. The Board's attention is drawn to the fact 
that In re Wands involved a biotechnology application, and the 
CAFC concluded that the appealed claims were held to be fully 
enabling in spite of allegations of unpredictability similar to 
those presented in the appeal . 

D. Equitable Considerations 

Finally, affirming this rejection would be tantamount to a 
holding that each and every transgenic species would have to be 
actually reduced to practice prior to filing a patent application 
covering that species. As a practical matter, this would require 
months, or perhaps years, of additional experimental effort and 
hundreds of thousands of dollars in added expenses prior to filing 
a patent application covering such species. Few inventors or small 
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companies would be able to afford the time or expense to satisfy 
such a requirement . 

Appellants are also concerned that the law in the field of 
transgenic science is not being uniformly applied in all cases, 
thus producing anomalous results to the serious disadvantage of 
those who are diligent in applying for patents, i.e. those who are 
first to file. This, in effect, rewards those who delay in filing 
for whatever reason, or who are not particularly diligent in 
seeking patent protection. Unfortunately, this is precisely the 
type of abuse the patent system was designed to protect the public 
against, i.e. to reward those who are not diligent and punish 
those who are. 

As an example, Attachment 2 is a copy of U.S. Patent 4,873,316, 

which was filed in 1987. A cursory review of this patent reveals 
that only a single species was actually reduced to practice by the 
patentee. Yet, the claims of this patent are broadly directed to 
more than one species. Since the filing date of this patent is 
less than two years from the effective filing date of the present 
application, it cannot be seriously contended that transgenic 
technology advanced so far in that time to justify an entirely 
different result in the present application. It will be readily 
apparent that this lack of consistency in the application of 
settled principles of law works to the serious disadvantage of the 
most diligent applicants. 

The Board is respectfully urged to conclude that there is no 
proper basis for affirming the rejection of the appealed claims 
due to a lack of enablement . 
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II. The Rejection of Claims 1, 2, 4 and 6-9 Under 35 U.S.C. 
103 . 

Claims 1, 2, 4 and 6-9 stand finally rejected as obvious over 
Andres et al. In rejecting the claims over Andres et al., the 
Examiner correctly notes that the only difference between the DNA 
constructs of the present invention and the constructs disclosed 
in Andres et al . is the presence of a signal peptide secretion 
sequence in the present claims. However, although signal peptide 
secretion sequences may have been known in principal prior to the 
filing date of the present application, Appellants vigorously 
dispute the proposition that it would have been obvious to include 
a signal peptide secretion sequence in the DNA constructs of 
Andres et al., or that the benefit of obtaining secretion of 
recombinant proteins, such as Ha-ras, would have been expected. 

The Andres et al . reference describes the use of the promoter 
region of the WAP gene in combination with the human Ha-ras gene 
for expression of the Ha-ras protein in transgenic mice. Andres 
et al. specifically state that three of the five lines examined, 
i.e. 60%, did not express the hybrid gene. Moreover, the observed 
level of expression of the activated Ha-ras gene during lactation 
was not sufficient to cause transformation of mammary epithelial 
cells. Finally, Andres et al . state that expression is not 
limited to the mammary gland, but is also found in brain tissue. 

In other words, the attempted expression of the foreign DNA was 
not successful. Accordingly, one skilled in this art, with the 
Andres et al. reference before him, would certainly not be 
motivated to combine the WAP promoter with foreign DNA in order to 
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obtain satisfactory expression of that DNA in transgenic animals. 
In this respect, Andres et al . is actually deemed to teach away 
from the concept of the present invention since it teaches away 
from the use of the WAP promoter to achieve significant levels of 
gene expression. 

More importantly, however, Andres et al. does not in any way 
describe or suggest the use of a signal secretion sequence for 
enabling secretion of the foreign protein into the milk of the 
host transgenic animal. This is a key aspect of the present 
invention and, in the absence of such a secretion sequence, the 
desired protein would remain in the mammary tissue, precluding 
production of the protein. It is not the objective of the Andres 
et al. reference to cause secretion of the foreign protein. 
Rather, Andres et al . merely observe the effect of the expression 
of the Ha-ras protein in mammary tissue for the purpose of 
detecting the production of mammary tumors due to the presence of 
this protein. This is a completely different concept from the 
concept of the present invention. 

The Examiner apparently recognizes the deficiencies of Andres 
et al. by acknowledging that there is no motivation in Andres et 
al. to produce a secreted form of the Ha-ras protein. The 
Examiner then incorrectly concludes that if one skilled in the art 
desired to secrete recombinant proteins into milk, it would have 
been obvious to include a signal peptide sequence in the DNA 
construct. The problem with this reasoning is that Appellants 
were the first to undertake this approach, i.e. Appellants were 
the first to appreciate that foreign proteins could be 
successfully expressed in the milk of a transgenic animal, and 
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they were the first to propose a tangible approach to achieving 
this objective. This approach, which ultimately did prove 
successful, incorporates a signal peptide secretion sequence into 
a suitable DNA construct, and utilizes this construct to produce a 
transgenic animal. The transgenic animal was then able to produce 
a foreign protein (tPA) in its milk. 

The Examiner's approach to the question of obviousness is 
expressly proscribed by the holding in In re O'Farrell , 7 USPQ2d 
1673 (CAFC 1988) . O'Farrell explicitly holds that "obvious to 
try" is not the proper standard to apply under 35 USC 103. 
O'Farrell lists two specific situations where the "obvious to try" 
approach has been held to be plain error. In one of these 
situations, "obvious to try" has been held improper when used to 
explore a new technology where the prior art gave only general 
guidance as to the particular form of the claimed invention or how 
to achieve it. In re O'Farrell , supra , at 1681. This is exactly 
the situation in the present application. 

Accordingly, there is no basis for rejecting the appealed 
claims as obvious on the basis of the Andres et al . reference. 
Since a prima facie case of obviousness has not been established, 
for the reasons provided above, a showing of unexpected results is 
not required. 

III. The Rejection of Claims 5 and 11 Under 35 U.S.C. 103 . 

Claims 5 and 11 have been finally rejected as obvious over 
Andres et al. in view of Pennica et al . or Chisari et al . 
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The primary reference, Andres et al . , is not applicable to 
claims 5 and 11 for the reasons discussed above in connection with 
the previous rejection. Summarizing, Andres et al. is equivocal 
as to the level of expression achieved, and the significance of 
this result. In addition, and more significantly, Andres et al . 
do not in any way teach or suggest the use of a signal peptide 
sequence in their constructs. Since this is a critical element of 
the present invention, this omission is fatal. 

Pennica et al. describe the use of a plasmid containing the E. 
coli trp promoter and the cDNA sequence coding for the mature tPA 
protein for expression of the tPA protein in E_;_ coli . Pennica et 
al. do not utilize the WAP promoter, and there is no guidance in 
this reference that would suggest that the disclosed plasmid would 
be suitable in developing a transgenic animal. 

Chisari et al . relate to the development of a transgenic mouse 
which is capable of expressing the hepatitis B virus surface 
antigen. As stated in the reference, the expression of the 
antigen was not tissue specific , and the antigen was detected in 
the serum of the mouse. Consequently, this reference also fails 
to describe the use of a DNA sequence for the production of 
foreign proteins in the milk of a transgenic mammal . 

IV. The Rejection of Claims 1,2, 4-9 and 11 Under 35 U.S.C. 
103. 



Claims 1, 2, 4-9 and 11 have been finally rejected as obvious 
over Campbell et al . in view of Pennica et al . , Chisari et al., 
Palmiter et al., Ross et al . or Stewart et al . In formulating 
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this rejection, the Examiner has stated that the combined 
teachings of the references suggest Appellants' claimed invention, 
and that the references must be considered together in making this 
assessment . 

Appellants agree with the general proposition that an express 
suggestion in one prior art reference to be combined with another 
reference is not necessary for a rejection under 35 USC 103. 
However, it is also clear that the Patent and Trademark Office has 
the initial burden under 35 USC 103 of establishing a prima facie 
case of obviousness, and this burden can only be satisfied by 
showing some objective teaching in the prior art which would lead 
to the combination of the relevant teachings of the references. 
In re Fine , 5 USPQ2d 1596 (Fed. Cir. 1988) . 

Turning now to Campbell et al., this reference relates to the 
characterization of the mouse and rat WAP genes. In particular, 
Campbell et al. describe the 5' and 3' non-coding sequences 
flanking the coding sequence of the protein. Several potential 
regulatory sequences of the WAP gene were identified by Campbell 
et al. which may be related to the regulation of the WAP protein. 
However, Campbell et al. expressly do not in any way describe or 
identify the WAP promoter region of the genomic sequence, and 
there is no appreciation in the reference that the WAP promoter 
would have any utility for use in a DNA construct to express 
foreign proteins in the milk of a transgenic animal. 

Both the Pennica et al . and Chisari et al . references have been 
discussed above in connection with the previous ground of 
rejection. Neither reference is believed to be applicable to the 
presently claimed invention for reasons discussed previously. 
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The Palmiter et al. reference discloses tissue-specific 
expression of recombinant gene products in transgenic animals. 
This reference is similar in import to Chisari et al . , and 
effectively provides no teaching which would be relevant to the 
expression of foreign proteins in the milk of transgenic animals 

Similarly, both the Ross et al . and Stewart et al, reference 
disclose the use of the mouse mammary tumor virus (MTV) promoter 
not milk protein regulatory sequences, to drive tissue specific 
expression of recombinant proteins in transgenic mice. Neither 
reference describes or suggests the secretion of recombinant 
proteins into the milk of transgenic animals. 
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CONCLUSION 



The appended claims are believed to be fully enabled and to 
patentably distinguish over the prior art of record. The 
rejections are not applicable to the claimed invention for the 
reasons discussed above. 

Accordingly, the Board is respectfully urged to reverse the 
rejections remaining in this appeal. 



Respectfully submitted, 

William G. Gosz 
Attorney for Applicants 
Reg. No. 27,787 
Phone: (617) 252-7583 
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APPENDIX 



1. A DNA construct containing a gene encoding a protein, said gene 
being under transcriptional control of a DNA sequence of a 
mammalian milk serum protein promoter which does not naturally 
control transcription of said gene, said DNA construct further 
comprising DNA encoding a peptide enabling secretion of said 
protein. 

2. The DNA construct of claim 1, wherein said secretion-enabling 
peptide comprises a secretion signal sequence which is cleaved 
from said secretion, protein . 

4. The DNA construct of claim 1 wherein said milk serum protein is 
a whey acid protein. 

5. The DNA construct of claim 1 wherein said secretion signal 
sequence is the secretion signal sequence naturally associated 
with said protein. 

6. The DNA construct of claim 1 wherein said secretion signal 
sequence is the secretion signal sequence naturally associated 
with said mammalian milk protein. 

7 . The DNA construct of claim 1 wherein said DNA construct 
includes a transcriptional stop sequence. 
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8. The DNA construct of claim 7 wherein said stop sequence is 
derived from SV40 virus DNA. 

9. The DNA construct of claim 7 wherein said stop sequence is 
contained in the polyadenylation sequence of SV40. 

11. The DNA construct of claim 1 wherein said protein is human 
tissue plasminogen activator or hepatitis B surface antigen. 
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[37] ABSTRACT 

This invention relate* to the production of recombinant 
proteins in mammals' milk. Particularly, this invention 
relates to an expression system comprising the mam- 
mal's casein promoter which when transgenically incor- 
porated into a mammal permits the female species of 
that mammal to produce the desired recombinant pro- 
tein in or along with its milk. This invention also relates 
to the transgenic mammal that produces the desired 
recombinant product in its milk. 

3 Clfilms, 1 Drawing Sheet 
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1 region upurearn of the DNA stance coding for the 

PROTEINS raOM tmo . host genome by standard ir.n«enic technique. 

S As a result, one or more copies of the construct or 

tp<-HNICA.L FIELD OF INVENTION m tem becomes incorporated into the genome of the 

lfcv " ■ . mammal. The presence of the expression 

THi. invention relates to the ",3^1 permit the female species ofthemammal to 
nan: protein, n mammal.- »fe hro« and to secrete the recombinant protein prod- 

„on relates to an ejpressio n system ^ «mpn « at prtfuce «o Such metheKl penpils 

^oSa^^^^ Src^hi^lev^prodcctionofthedesiredprote. 

ocsired recombinant protein product. When *uch a in$. 

intern is tramgenlcally incorporated into s aininti, BR1£p DESCRI PTION OF THE DRAWINGS 

15 FlG.ldepicuthccon.tn.ctionofap^idofthi, 

to the transgenic mammal that produces the desired invention, pCAS 1151. 

recombinant product in its milk. Recombinani : produc u DEFINITIONS 
sroduced by the expression systems and transgemcally 

altered mammals of this invention can be produced at M ^ in ihii application and claim*, the terms re- 

significantly less cost than by conventional recombinant corn binant protein and operatively linked have the toi- 

cro:ein production techniques, lowing definitions: 

D W n^i^ * t>T Operativrly Unked-the linking of a milk-speclfic 

BACKGROUND ART P ^ ^ * promo(cr ^ teaXXy aclivfiled m mm . 

Recombinant DNA technology has enabled the clon- tisjuc t0 ft dNa ^ence coding for a desired 

ing and expression of genes encoding medically and ^ w M t0 j^nnit and control expression of that 

agriculturally important proteins and glycoproteins. dNa , equftncc a nd production of that protein. 

Such products include, for example, insulin, growth Recombinant protein-a protein or peptide coded for 

hormone growth hormone releasing factor, somatosta. DNA sequence which is not endogenous to the 

tin, tissue plasminogen activator, , tumor necrosis factor, mt of lhft mjBnm>1 ^ whoae mv it u pro . 

Upocorxin, coagulation factors VUI and IX, the wiener- • accordance with this invention or a protein or 

, ons, colony stimulating factor, the interleukins and uro- ^ ^ ^ qNa iequeMe whlch tf enQ0 . 

kinase. i( „ aeneous to the native genome of the mammal in whose 

jsa ssesrasssass „ fca-^crrrrssa: 

fhe recombinant production of such products m prokar- protein in its milk. 

votic cells has proven to be less than satisfactory be- DETAILED DESCRIPTION OF THE 

cause the desired recombinant proteins are Incorrect y INVENTION 

™» Mention relates to processes. DNA sequences 

C o d ^ <™P°^^ 

otic cells. ThU technique has proven to be both expen : production of recombinant proteins More specifically. 

£e nd often unreliable due the variability of cell cul ; Siis invention relates to the transgenic incorporation of 

ture methods. For example, average yields are 10 mg of 45 one or ^ copies of a construct comprwmg a milk, 

recombinant protein per liter of culture media, with the tpcc \fi c pr0 tein promoter or any promoter sequence 

resulting cost typically for exceeding $1,000 per gram j pe rifically activated In mammary tissue, operatively 

of recombinant protein. Accordingly, resort ha* been lmke(J lo a D> j A <e q UC nce coding for a desired rccom- 

bad to the production of those recombinant proteins in biflanl pf0lc j n through a DNA sequence coding for a 

cultured eukaryotic cells. • 50 $ ignal peptide that permit* the secretion and maturation 

act re f ftp THE INVENTION of *c desired recombinant protein n the mammary 

DISCLOSURE OF THE INVENTION ^ conatnict b transgenically incorporated into 

The present invention solves such problem* by pro- ^nunahan embryos and the recombinant protein prod- 
viding an effloicnt maan* of producing large quantities ufii b subBequcnt i y expressed and stcrated into or along 
of recombinant protein products in the milk of trans- 35 ^ ^ ^ of tbe i ftCtatm g transgenic mammal, 
genically altered mammals. According to this lnven- m irnmal may be usefully employed in this inven- 
tion, a DNA sequence coding for a desired protein is ^ p Tcftrtbly( mammals that produce large volumes 
operatively linked in an expression system to a milk- ^ ^ ^ bivft Jong UcUting per iods are preferred, 
ipeclftc protein promoter, or any promoter sequence PfcfcrT€d ma ramaU are cows, sheep, goata, mice, oxen, 
specifically activated In mammary tissue, through a « lg$ of course, each of these mammals may 
DNA sequence coding for a signal peptide that permus ^ ^ ^ efrcCtlvc M tnc othefS with respect to any 
secretion and maturation of the desired protein in me expression sequence of this invention. For exam- 
mammary tissue. More preferably, the expression sys- « milk-specific promoter or signal se- 
tcm also includes a 3" untranslated region downstream p . »_ fe effective in one mammal than in 
of the DNA S equ fi nce coding for the 65 ^VvL L of akill in the an may easily make 
aant protem. This untran.lated region , may b foUowlng teachings of this inven- 
rDNA transcript of the expression system. Optionally, « u <-" 
the «prc«ion syatem alto includes a 5' untranslated uon. 
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SSZ^nW.tec^t.to'*"*^" , £ C p"mo« and*. DNA sequence .needing , .he 
Lipta casein promoter. a beu casein P rom °'" °' ' , P , peptide. Such untranslated region, are prefcriibly 

kappa casein promoter. Preferably, the casern prwnowr «gn»i P£ ,„ However, they may be derived 

»Sfta^^»^h"* ta ^'«?15HS£ tam per synthetic. semi..yn.hei.c and Mtural 
joong the promoter, ihet are specifically activated in ir flc u n0( cmie ^ how 

ma^nary uLuc and are 0,0* useful in accordance w£ ™Mhey appear to be useful .n improving the level of 
this invention is the long terminal repeat (LTK) pro- 

moter of the mouse mammary tumor ™» (MM ^ Th e .bove-described expression systems may be pre- 
The milk-speclfic protein promoter or the promoter, method, well known in the an. For exam- 

that are specifically activated in mammary £ vtf i 0Ut ligation technique! employing conventional 

be derived from either cDNA or genomic sequences. )5 , ite , etc . may be uied to good effect. 

Preferably, they are genomic in origin. Preferably, the expression ayttenu of thU invention are 

Among the signal peptides that are useful »n accor- "" e ™ d * ptn ef ltTge7 plasmids Such preparauon 
with tbt. mven^n are milk-speclfic ..gtval pep- JgJJ* and .election of the correct construe 
S?JSto «Bnal P«PtW=» «" ful in « ht «~ Z d S efficient manner a, I. well known in the art. 
melton of eukaryotic and prokaryoue Proteins. w ' Mo „ pfefer .biy. ,he expression systems of t"'"" 
Preferably, the signal peptide " selected from milk- J" £ ^ between convenient restriction sites on 
fpS inal peptides or the signal peptide of dt.de- «° w lh a, they can be easily plated from he 

£dr«o£b^ fining plaamid sequences for incorporation .nto the 

bhr. the milk-spteifie jignal peptide Is related o the .,„ re , cio , 
mnk-specinc promoter uaed in the expression tystemof oe ^ p^f^on. te«P»n 

invtntion Tie ite of the signal peptide is not on- or constructs of this «J*^5; 

cai o^thl invention. All that is required u that the * , of tnt mammal which is to inw^ 
plpdde be of a .uffieient aize to effect aecreiion and * ^ ^pie, one or several copies of th 
maturation of the deiired recombtnant protein In the ^ ^orated .mo I* «»weoU nwn 

~.!^.X rlMMwhereitis»itprea»ed. 30 malian embryo by standard uansgenle techniques. 

^protn pXt, which may be produced 30 m ^ Sue for tra-genically .Itenng a mamma 
bvt° processes of to invention include, for example. h nicroinject the construct into the pronuclei of * e 
eoaailatotlaTtor. VIII and IX human or uto* ta^«i«i»^«l^)»^^^2ff. 
!^ albumin, tissue plasminogen activator (TP A), of Ae eonStr uct to be retained in the cells of the deve 
^nai^a^ antitrypsin, animal growth hor- 3S ^.^mt^l^*"^^* 
S2«*£ Inbibiti^Subsunce (MIS), cell m- %J om from ,h= injected egg. contain aUeaat one 

"^desired recombinant protein may be produced as ££ ta the .U of the 

a f^ S eonuming amino acids in addition to blot ^yais of a segment rf ,«^«£?^5™ i SS 

drnTof the desired or native protein. For example, the its of ^ oogenous cloned c owt«« tmal n«V 

rd^b^fpr, e r'« ^^«i , ^rssj« 

^afafra^entorderivatlveofnativepro,^ so «a» i. ^^StS^St^^ 

^yproduoMbymereiychoostngUiecorreCDNA 

IXbly. the expression system or conatruct of this » ^t 

inv»tn at incluL a 3" unuanslate^ 1 «po» down- f^j , specie, °J r ^ ^dTM.enu i tively. 

in-eam of the DNA sequence coding for the desired „red proton moruong w.» pro duct other 

Sinant protein. This region apparency .ubdaes ^ transgem^ mammaU nuy ^ £ , he dMhed 

tht S>IA transcript of the expression iy»tera and thus transgenic progeny vuetui m P 

ter^ttetfrtcJof desired "protein from the expres- M proteins n the.r milk. 

SS; mTem. A^ong the 3" untranslated region, useful m EXAMPLES 

the constructs of thU invention arc .equenc es that pro- EXAMPLE 1 

*aa. . i>olv A .icnal. Such sequenco may be aenveo, _ , 

T t ,'Jo Ita Tsv^small t antigen, the casein 3" untran- Bovine Alpha S-l Casein 

rr^e^^r^s 
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and Collins. Cne. 11. PP . »:-»! <1W» Tf.s : try- : |" ^ K , „« , oc .«d upstream «f 

rcus « obtained horn . he DNA the CAS 'promote r was c»,.»F«i to . .Sal] site using *r 

•solated by s.andard techniques v.ell KM>wn •" ■••' *« rls 1! -nkei V GOT COA CCG TAC )' wh.ch w.i 

M.r.Uti. e« al.. "Molecular Coning: A L*or.»., followmg d , tc „ io „ with KpnI. 

Manual". Cold Spring Harbor Laboratory .1 p. 2JI 5 » » '" e Jf iA pCAS ,,4) (see FIO. I) con- 

MM. We isolated thecosinld 5« nwU-g «h« CAS promoter »»d .he 

with S.u3A (New England Bio Labs) .nd ran on a EXAMPLE 2 

MawL the rSwturer-s recommendation. The in of thi , tawalli0tt is tissue plasminogen activator 

lu oTa?taged^S was then used to infect the 15 > <* pA A , demon „ r8 ,ed below the metn s.gnal pep. 

K-12 Strain HB101 followed by .election on LB M WM used , 0 dlrecl secte tion of TP A from the mam 
If eon Jn "g 50 ag/ml of Aapidllln [Sigma . JSy of transgenic mice carrying a construct 

We S fhls librWy using a 45 base pair ollgonu- ^g,, w this invention. In lh,» construct, the nude- 
cl-otide probe: CAS-1. This CAS-I sequence. S' olide , eqi!eriC e of the casein signdpept.de was fused to 
CATQGCTTGATCTTCAGTTGATTCACTC- » Z^Lct of mature TPA by 
CCAATATCCTTGCTCAG i'. was obtained from a sequence 0 f TPA has been described in D. Pennies e 
..«Y.l cDNA seouence of alpha S-l casein as described " q 301i pp . j j^ 2 u (1983). In the TPA gene, as 
byT M W1Us«»"dNA. ?. PP. 31«M OMB- ™s .her, i, a BamHl site in mronl 

« 0 uence corresponds to amine acids 20-35 of mature which ttpire «, th e signal h < ™{™ 

b t=o f screenmg. ---ftS 

Stf^ites^t^ie««^ofitoiij>h»S.|e»M« el6M 0 f TP a fR. Fisher et al, supra] using BamHl. 
portion o. ">=S" s 30 " m , ?kb fragrnem contained a portion Of In- 

1 We then svmhesized several oligonucleotide probes *„ „ the 3. liee scc eptorsite and III «P » 
torraponding to region, of the casein eDNA. based on Bglll site. This 1.7kb fragment was, osed to replace the 
published secuences [A. F. Stewart et al. Nuckk Aads ^ slplt , Mquenct found in the eDNA clone of TPA 
^ 12 P 3895 (1984); M. N.gso e. al.. Agnc BtoL ^ , BamH i ciMW As shown in Example 1. 

aum. 48, pp. 1663-166' (W Restriction mappuig 35 ^ is , BamHl site located m In.ron 11 *hic» . 
and Southern blot analysis [E. Southern. J. MoL B.ol ^ Jequence for the cas » «e*> Pg^* 

98. p. 503 (19«)) established that cosa.ds D4 and El „ of ^ m0itt protem. The ^AS f-ornoter 

ccnuined .he structural gene and 9kb of upstr^ or^ ^ pCASlM1 was digested wiA BamHl and the 
Hanking sequences. The CScosmid eonialned the casein BunHI cassette eontainmg T^ was Uga ed into tne 
ruerural gene and 8kb of downstream or 3* sequences 40 ^ j umidi „ ^owp m FIO. 1. to yleW plasmid 
« Fia I). We sequenced the cosmids El and D4 in J^.f,, which contains, the CAS pm w« up- 
he ^reg^n corresponding to th. transcriptional .tart of J of the eDNA «„„«,« of TPA. This eowuct 
Iht eatein structural sequence and determined that the Movn , he TPA ttraetuIll i .equences to accept .he ca- 
sequence corresponded to that of the same region as . ^ . ^qugncj by rna processing. 
oeSdfy L L. Yu-Lee et .1.. Nucleic AdiK*. 14, 45 isolated the DNA for use » »» 

nn 1881-1901 (1986). alter mammals. We digested the pCASllSl BIna to 

P Ve bel eve thV. she controlling region of Alpha S-l ^SSSs with SalLFoUowtng <M^« ^ 
casein is located upstream of the Stan of transcript on. * TD£ [Maniatis et al., supra] the 13kb fragmen 

* t L" ™Vm*i »fter sequencing that there is a *|^, pondmg l w the eukaryotic sequences ^ ™ 
40bp Elton 1 and that the signal sequence of CAS along 30 ^ , d DNA electroelttted We then centn- 
triS rte sequences which Vncode the first two ammo ° », DN A ovetIught in an equaibnuro , CsCl grad,- 

Of »»ture CAS—rginine and glmamine -are » W£ the DNAband and 

found in Elton II. . . . ff> , sively against the buffer TOT (5 mM Tns, P K 7.4. 5 

We constructed the CAS promoter plasmid as fol- ^ Nta ind 0 .1 mM EDTA. pH 8). 
low,: The genomic map of FIO. 1 shows that the cor, 55 eX aMPLE 3 

i-ol or oromoter reg on along with Exons 1 and U may 

U " clone? ^s . 9kb KpnI.BamKI fragment.^ Accord- TraMgenie Incorporation of the Construe, Into M.ce 
mglv. we dige»ted the El cosmid with Kpnl and Dr0C edure for transgenic Incorporation of the 

BamHl. then lig.ted it to P UC19 (Belhesda Rewarch JJ^™ infontl » tion 1mo the developing mouse 
Labs) which had been previously cut with jlpn _and 60 desire^ > «J» jn (he „, p. Hogan e! "M.- 

BamHl. The resulting plasmid pCAS 1 134 (see F G. 1) em y A lA c^jory Manual 

contained the CAS promoter and signal sequence with ^» lt " n * Hafbor Laoorat ory (1986)]. We used en Fl 
a BamHl site suitable for cloning. .eneration (Sloan Kettering) cross be.ween CS1B ■ and 

In order .0 allow the genomic eons.ruc. .0 ^func.ion Laboratories). Six week old females * ^ 

i„.eukao-o.ichost.i.e..toca.T>ou.trans8e^workui « "^ tawd b inje . tion of Gestlle (prer>«n< msre 
which DNA is injected into the pronucleus, the prokar- V chonomc gonadotropin two 

voiic sequences must Dr., be removed. One meihod «rum) 0 y ^ ^ ^ 

emnloved .0 remove prokuryotic sequences wai to day. 
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7 n ^ t ar e collected «nd embryo* removed 

oCASllSlDSA, demonstrating Hut five of them „ fi w5tcd for i ncor por*no n of » DNA 

1 ? & the CAS sequence. Two of the female GO ^^^g for TP A. Tae female species of these 

SSfJSS «o« to male* « six weeks to pro- » ^^^ring produce TPA in their 

progeny ^recrow progeny of these l ^^ tfUC t according to this invention containing 

ducf * Gl Vgjg™:. { ™ hy J5, blow , We then H51 U «empllfted by * culture ctepG* 

SS^tK«n>** <«°* s whiCh «"7 ,h 5 IS JSZm ot <mr invention. It « «Pt»™ l H £ ' «f 
^Isuil tecoenee. The Ol progeny produced " £Se construction may be altered to prov.de otter em- 
o^> S ul'mfof m in their milk. We next crossed g^Si which utiUze the processes end compc .« on 
fe£ with. wild type FX. The progeny that JJSV^ta. Therefore, it wlU be •PW^itet 

^iThe^CA-SllJl DNA sequence produced the ^™ p eof tnt, invention is to be defined by the clairns 
£Et& »«W «b«e that did not carry the heret0i rather the 'P^^™^ 

^en« prtddced no TPA in their tnUk. ^eh have been preyed hereinbefore by way or 

EXAMPLE 4 "vfSuar 

swcifically, at about day 10 of the cat™, cycle, each ^ote™ peratively linked to an exogenous DNA 

sheep is taplamed wUl 4 P™ 8 ?^^^^. ^ LTen£ £d!ng for the recombinant protein 

v.gta*l sponge (each sponge conuining «0 mg 6 alpha- « ggme ^8 „ codbl8 f „ . ,i gn a pep- 

methyl-" »Jpba*»oxy progesterone). The sponge ^Xaive in secreting and maturing the reeonv 

^eTanuorir^minatedlnutero withaimlpertera DNA sequence eoding tor the re- 

MaS-S^, " according to Cm 1. wherein said 

* ^nSco^iwteietirt^ntoot J t ™l*™Z includes a 5" untranslated region 
S&eep by.retrograde n^lng^th abou^ and the DNA .equence cod*, 

ZZ^ttttZtt rore^^peptide. _ . . 
trough the cannulated infundibular end of each 0«- ii 
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